Cr4+-doped solid-state lasers such as Cr4':forsterite and Cr4+:YAG experience degradation in continuous-wave power performance as a result of lifetime thermal loading. This is due to the temperature dependence of the fluorescence lifetime and low heat conductivity of the host. During lasing, pump-induced heating increases the non-radiative decay rates, reduces the population inversion, and subsequently leads to higher lasing thresholds and lower output efficiency.
The model was applied to the analysis of Cr4+:forsterite (2-cavity, pump absorption coefficient=0.57 cm-', output coupler transmission=2.4%, crystal length=2 cm) and Cr4':YAG (x-cavity, pump absorption coefficient =1.1 cm-', output coupler transmission=1.2%, crystal length=2 cm) lasers. Figure 1 shows the calculated and experimentally measured variation of the 1064-nm threshold pump power as a function of the crystal boundary temperature for each case. Good agreement was obtained between theory and experiment for emission cross-section values (1.36~10-'~ cm2 for Cr4+:forsterite and 0 . 4 7~1 0 -'~ cm2 for Cr4':YAG) that are in reasonable agreement with previous results [ 1-21. Cr4':forsterite and Cr4' :YAG lasers. Figure 2 shows the results of the theoretical optimization studies for Cr4+:hrsterite and Cr4':YAG lasers (incident pump power = 8W). In each case, the optimum crystal length was determined to be 2 cm. Furthermore, the optimum crystal absorption which maximizes the output power was calculated to be 46% and 67% for Cr4+:forsterite and Cr4+:YAG lasers, respectively. Numerical optimization studies were also generalized to other hypothetical Cr4.'-doped gain media with similar thermal properties but different strengths of absorption and stimulated emission. As an example, Fig. 3 shows the calculated variation of the optimum crystal absorption as a function of the absorption cross section a , at different values of the emission cross section a , . The results of such optimization studies should provide valuable guidelines for crystal growers and laser engineers.
